Heating houses and small commercial buildings with wood is again a common practice in the South. Poorquality hardwoods and topwood from sawtimber-size trees are now harvested for firewood. Equations and yield tables for estimating the weight and volume of fIrewood in a tree are needed to assist in the equitable marketing of trees for firewood.
To evaluate the timber resource in the Southeast, foresters have conducted studies to collect total-tree component biomass data on the commercially important hard hardwoods-northern red oak (Quercus rubra L.), southern red oak (Q. falcata Michx.) , scarlet oak (Q. coccinea Muenchh.), chestnut oak (Q. prinus L.), white oak (Q. alba L.), water oak (Q. nigra L.), and mockernut hickory (Carya tomentosa (poir.) Nutt.) , and soft hardwoods-yellow-poplar (Liriodendron tulipifera L.), sweetgum (Liquidambar styracijlua L.), blackgum (Nyssa sylvatica var. bijlora), red maple (Acer rubrum L.), and white ash (Fraxinus americana L.) (Clark and others 1980 (Clark and others , 1980a (Clark and others , 1980b Clark and Schroeder 1977) . In this paper the totaltree and component weight and volume data are used to develop equations for predicting green wood and bark weights and volumes for fIrewood 4 inches in diameter outside bark (d.o.b.) and larger in hard hardwood and soft hardwood trees growing in the Southeast. Equations and yield tables predict the weight and volume of fIrewood in the total tree above stump, in the main stem to 4-inch d.o.b. top, and in branches and stemwood above a saw-log top in sawtimber-size trees. The moisture content, specific gravity, and weight per cubic foot of fIrewood when harvested are also presented.
PROCEDURE
A total of 247 hard hardwood trees from 5 to 24 inches in diameter at breast height (d.b.h.) and 257 soft hardwood trees from 5 to 28 inches d.b.h. were sampled from various locations on five National Forests in the Southeast and in two counties in Tennessee (table 1) . A stratified random sample of three to six trees per 2-inch d.b.h. class was selected at each location from uneven-aged, closed, mixed hardwood stands. Form class of the hard hardwood and soft hardwood sawtimber trees (trees ~ 11.0 inches d.b.h) averaged 79. The hard hardwood trees ranged from 27 to 160 years old and averaged 72 years, and the soft hardwood trees ranged from 21 to 108 and averaged 54 years old. Means and ranges in dimension of sample trees are shown in table 1 by species and location.
Trees were felled and limbed during the winter, and the main stem of each sawtimber-size tree was bucked into merchantable saw logs 8 to 16 feet long to a 9-inch d.o.b. top or where a Forest Service grade 3 log stopped. Stem diameter inside bark (di.b.) at the saw-log top averaged 11.4 inches in the hard hardwoods and 10.5 inches in the soft hardwoods. All material between the saw-log merchantable top and the 4-inch d.o.b. top was classified as stem fIrewood. All trees had a discernible main stem of a 4-inch top. The stem above the 4-inch top and branches were considered crown. In pulpwood-size trees (trees 5.0 to 10.9 inches) the main stem was bucked at 4-inch d.o.b. top. Crowns of the sample trees were cut up and weighed in two categories: (1) weighed to the nearest one-quarter pound. Saw logs were weighed individually to the nearest pound. From each sawtimber tree, disks were removed at the butt, at each saw-log bucking point, at the points where d.o.b. measured 9, 6, and 4 inches, and from branches randomly selected from each branch -size category. In pulpwood-size trees, disks were cut at the butt and at quarter points to a 4-inch top. Each disk was sealed in a polyethylene bag for subsequent determinations of moisture content, specific gravity, and bark percentage.
LABORATORY
Specific gravity was computed on a green volume and ovendry weight basis. Moisture content was computed on an ovendry weight basis after samples were dried to a constant weight at 21SoF . Moisture content and specific gravity of stem and branches were calculated by weighting disk values in proportion to the volume of the component they represented.
Green weight per cubic foot of wood was calculated from weighted values for specific gravity and moisture content with the equation:
Wood green weight per cubic foot
where: M.C. = weighted moisture content in percent, S.G. = weighted specific gravity, C = 62.4 pounds (weight of water per cubic foot).
(1)
Cubic-foot volume of green wood was computed by dividing component green wood weight by its green weight per cubic foot.
ANALYSIS
Linear regression equations were developed to predict the green weight of wood and bark and volume of wood in firewood ~ 4 inches d.o.b. in the total tree, in the stem to a 4-inch top, and in branches and stem above the saw-log top (topwood). Independent variables were: diameter at breast height (D), total height (Th), saw-log merchantable height (Mh), and height to a 4-inch top (H4), both separately and in various combinations.
Grouping the data into D2 Th and D2 classes and plotting the variance of Y over D2 and D2 Th indicated that the variances of predicted weights and volumes increased with increasing D2 and D2 Th. The logarithmic transformation (to the base 10) was used to obtain a relative homogeneous variance, which is assumed in regression analysis. Thus, regression equations for estimating weights and volumes were calculated using the models:
where: Y = predicted weight or volume of firewood, X = D2, D 2 Th, D 2 H4, or D 2 Mh, Xl =D2, X 2 = Th,H4,orMh, € = sampling error, bi = regression coefficients.
When logarithmic estimates are converted back to Original units, they are biased downward because the antilogarithm of an estimated mean gives the geometric rather than the arithmetic mean (Cunia 1964) . To account for this bias, a correction factor was computed by using a procedure descri~ed by Baskerville (1972) 
CHARACTERISTICS OF HARD HARDWOOD AND SOFT HARDWOOD SAMPLE TREES
Hardwoods are generally classified into hard hardwood and soft hardwood groups based on their wood density expressed as specific gravity or dry weight per unit volume. In this study, however, the species were classified into hard and soft hardwood groups based on their green weight per cubic foot and tree form, because the objective was to develop equations for estimating the green weight of firewood in the total tree by species groups. The average green weight of stem wood and bark per cubic foot of wood ranged from 80 pounds for chestnut oak to 73 pounds for hickory and averaged 76 pounds for all the hard hardwood trees sampled (table 2). The green weight of stem wood and bark per cubic foot of wood averaged 65 pounds for the soft hardwoods.
Average stem wood specific gravity was 0.601 for the hard hardwoods compared to 0.462 for the soft hardwoods (table 2). The average stem wood green moisture content was considerably higher in the soft hardwoods (99 percent) than in the hard hardwoods (76 percent). White ash, a hard hardwood with an average specific gravity 0[0.572,had a low moisture content (46 percent) resulting in an average green (6) (7) and 24-inch trees and averaged 13 percent. The soft hardwood sawtimber-size trees had on the average only 6 percent of their total firewood in branches. The proportion of total tree firewood in the stem above the saw-log merchantable top decreased with increasing tree size and averaged 19 and 16 percent respectively for sawtimber-size hard hardwood and soft hardwood trees. The northern red and white oaks sampled had the highest proportion (15 percent) and the yellow -poplar and red maples the lowest proportion (4 percent) of branch fuewood (table 4).
PREDICTION EQUATIONS
A series of equations were developed to predict the green weight of wood and bark, volume of wood in fuewood 4 inches d.o.b. and larger in the total tree, main stem to a 4-inch top, and topwood in sawtimber-size trees. Since tree heights are measured to different top limits by various organizations, equations were developed using D2 alone and ~/Stem from stump to 4-inch top. in combination with Th, H4, and Mh as independent variables. When Th and H4 were used with D2 , the one-variable Equation (6) was used to predict firewood weights and volumes. When Mh was used with D2, the two-variable Equation (7) was used since saw-log merchantable height varies independently of d.b.h. Table 5 presents equations for predicting the green weight of wood and bark in firewood ~ 4 inches d.o.b. in the total tree (stem plus crown), stem to 4-inch top, and sawtimber top using D2, D 2 Th, D 2 H4, and D2 + Mh as independent variables for hard hardwoods and soft hardwoods, respectively. Table 6 presents equations for predicting the volume of wood excluding bark in frrewood in the total tree, stem, and sawtimber topwood with each independent variable combination for hard and soft hardwoods, respectively. A method for placing confidence limits 6 about predictions made with the equations is given in the Appendix.
Firewood in branches and the stem above the saw-log top (topwood frrewood) is the most variable firewood component of the tree. Equations based on the sawtimbersize trees were developed for predicting weight and volume of topwood fuewood with Equations (6) and (7). These equations, however, resulted in poor estimates of topwood frrewood at the fringes of the data. Therefore, topwood firewood was estimated by subtracting the predicted weight or volume of the saw -log merchantable stem from the predicted weight or volume of all the fuewood in a sawtimber-size tree.
All independent variable combinations were good predictors of fuewood in the total tree or main stem, but equations using D2 Th or D2 H4 were the best predictors of Table 5 2/ -log 10 form.
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where: 
Firewood in similar-size trees may vary in weight and volume because of species differences in crown size, stem taper, and weight per cubic foot. Therefore, these weight equations and tables have a slight bias when applied to a single species. Tables 5 and 6 contain the standard errors of the estimate, the sample mean of x, and the corrected sums of squares for x for each equation in 10glO form. These statistics can be used to calculate approximate confidence limits in pounds or cubic feet by using a modification of Cox's formula (Land 1972) for estimating confidence limits for lognormal means:
COMPUTATION OF CONFIDENCE LIMITS
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